Barthélemy FV, Fleuriet J, Masson GS. Temporal dynamics of 2D motion integration for ocular following in macaque monkeys. J Neurophysiol 103: 1275-1282, 2010. First published December 23, 2009 doi:10.1152/jn.01061.2009. Several recent studies have shown that extracting pattern motion direction is a dynamical process where edge motion is first extracted and pattern-related information is encoded with a small time lag by MT neurons. A similar dynamics was found for human reflexive or voluntary tracking. Here, we bring an essential, but still missing, piece of information by documenting macaque ocular following responses to gratings, unikinetic plaids, and barber-poles. We found that ocular tracking was always initiated first in the grating motion direction with ultra-short latencies (ϳ55 ms). A second component was driven only 10 -15 ms later, rotating tracking toward pattern motion direction. At the end the open-loop period, tracking direction was aligned with pattern motion direction (plaids) or the average of the line-ending motion directions (barber-poles). We characterized the dependency on contrast of each component. Both timing and direction of ocular following were quantitatively very consistent with the dynamics of neuronal responses reported by others. Overall, we found a remarkable consistency between neuronal dynamics and monkey behavior, advocating for a direct link between the neuronal solution of the aperture problem and primate perception and action.
I N T R O D U C T I O N
Early stage of visual motion processing forms a "local" representation of piecewise measurements that are intrinsically noisy and ambiguous. Because of the aperture problem, local motion signals are biased toward the perpendicular direction of an elongated edge crossing the receptive field. These local one-dimensional (1D) motion signals must therefore be selectively integrated to reconstruct the "global" 2D motion direction of a moving pattern. There are populations of neurons in macaque area MT than can perform such computation and therefore signal unambiguously the direction of a 2D translating rigid object (Movshon et al. 1985) . A large amount of experimental work has been conducted at both psychophysical and physiological levels to elucidate 2D motion integration. Several rules have been proposed, but no consensus exists about which ones are actually implemented by the brain (Bradley and Goyal 2008) . To understand this, we need to consider that, in macaque area MT, pattern motion selectivity is delayed relative to component motion selectivity and builds up over ϳ100 ms (Pack et al. 2001; Smith et al. 2005) . This is consistent with the dynamics of human perception (Lorenceau et al. 1993 ) and ocular tracking (Masson and Castet 2002; Masson et al. 2000) .
In both human and nonhuman primates, ocular following responses are reflexive smooth eye movements initiated at ultra-short latency by large moving scenes (Miles et al. 1986 ). Our previous works in humans have shown that ocular following to 2D patterns exhibits two independent components: an early component driven in the direction of 1D motion such as given by grating translation and a late component driven in the direction of the global 2D pattern motion. This late component is delayed by 15-20 ms when tested with both barber-poles (Masson et al. 2000) and unikinetic plaids (Masson and Castet 2002) . This similarity is essential because most of existing models postulate different computations for each type of 2D stimulus, with emphasis on features tracking or intersectionof-constraint rules, respectively. Moreover, such a delay cannot be explained by different contrast sensitivity of mechanisms triggering early and late components (Barthélemy et al. 2008) . In monkeys, ocular following is initiated at latency as short as ϳ55 ms (Miles et al. 1986) . Its early phase is strongly correlated with early neuronal responses in both areas MT and MST (Kawano 1999) . Because it has been suggested that time course of neuronal direction-selectivity of MT neurons when tested with 2D patterns can be reflected by human ocular following (Masson and Castet 2002; Smith et al. 2005) , our goal was to show that monkey ocular following has the same time course and to probe the contrast dynamics of early and late tracking components. In two macaque monkeys, we ran a series of experiments similar to that conducted in humans (Barthélemy et al. 2008 ) and performed quantitative analysis for comparison with both human behavior and neuronal responses in macaque area MT.
M E T H O D S
We recorded ocular following using the scleral search coil technique in two adult macaque monkeys (Pe and No). Our methods for animal preparation (Goffart et al. 2006 ) and data collection (Masson and Castet 2002) have been described in details previously. A scleral search coil and a head holder were implanted surgically under deep anesthesia. After complete recovery of the surgery, animals were trained to remain seated with head fixed in a primate chair and to perform simple oculomotor tasks such as fixation or saccades. When a satisfying level of accuracy was achieved with these tasks, the two monkeys ran a series of experiments on ocular following. They were required to fixate a small fixation spot for a variable delay. Once correct fixation was achieved, the fixation spot was extinguished, and after a short (100 ms) gap, a large motion stimulus was presented for 150 ms in the central visual field. Reward was delivered if, and only if, the monkey had maintained gaze within a 2 ϫ 2°window centered onto the visual stimulus and had refrained saccades. Animals were never trained or rewarded for pursuing the visual motion (Miles et al. 1986 ). Care and treatment of the animals during all stages of the experiments conformed to the European and French Government regulations. Protocols have been approved by the local Ethic Committee.
The experimental protocol and visual stimuli were identical to those used previously in humans (Barthélemy et al. 2008) . Visual stimuli were back-projected (1,280 ϫ 1,024 at 100 Hz) using a videoprojector and a large screen (80 ϫ 80°). Stimuli were precomputed movies, gamma corrected, and displayed by an Sgi workstation. A PC running the ReX software under the QNX operating system controlled stimulus presentation, data acquisition, and on-line behavioral supervision. In a first experiment, grating and unikinetic plaid motions were interleaved. All stimuli were displayed behind a circular window (diameter 20°). Single vertical grating (spatial frequency: 0.27 cpd) drifted either rightward or leftward (temporal frequency: 10 Hz; speed: ϳ30°/s). Unikinetic plaids were constructed by summing the same vertical drifting grating with an oblique, static grating of same spatial frequency (Gorea and Lorenceau 1991) . Two different grating motion directions (rightward and leftward) and static grating orientations (Ϯ45°) were combined, producing four pattern motion directions. Thus whereas 1D, grating-driven motion information was only along the horizontal axis, 2D, pattern-related motion was along the oblique directions and could therefore be seen from the vertical component of ocular following (Masson and Castet 2002) . Similar 1D and 2D motion directions were generated in a second series of experiments interleaving the same gratings and barber-poles. Barberpoles were generated by drifting a vertical grating behind a rectangular aperture of aspect ratio 3 (10°wide, 30°long). Two different orientations (Ϯ45°) of the long axis of the aperture generated four different 2D pattern motion directions (Masson et al. 2000) . All stimuli were presented at eight different total contrast levels, ranging from 2.5 to 80%.
On average, between 150 and 200 trials were collected for each condition. Eye position data were linearized, smoothed using a cubic spline, and differentiated to obtain eye velocity profiles. Mean eye velocity profiles for each condition were subtracted with those obtained with a catch-trial where no stimuli were presented after fixation spot offset. This subtraction removed any spurious ocular drift. To quantify the amplitude of ocular following, we computed for each trial the change in horizontal and vertical positions over different time windows. Data will be presented as mean change in horizontal and vertical positions, plotted against stimulus contrast and fitted with a Naka-Rushton function
where R max , n, and C 50 are response gain, slope of the contrast response function, and half-saturation contrast. Such function provides a good description of contrast dynamics for ocular following (Masson and Castet 2002) . Latencies were estimated for both horizontal and vertical eye movements on every trial using an objective method described earlier (Masson et al. 2000) . Relationships between mean (across trials) latency and contrast were fitted with an inverted Naka-Rushton equation
where max and shift are the minimum latency observed at the highest contrast and the maximum decrease in latency, respectively. n is the latency shift exponent, S 50 is the half-decay contrast value, and c is contrast. Fitting procedure used the Nelder-Mead simplex algorithm (Matlab).
R E S U L T S
We first document the contrast dynamics of ocular following responses obtained with pure grating motions with a particular emphasis of the dependence of response latency on contrast. We then compare contrast dynamics for both latency and amplitude of early and late components of ocular following driven by either plaid or barber-pole patterns. Figure 1 shows ocular following responses obtained in two monkeys with leftward drifting gratings presented at different contrasts behind a circular window. Similar properties were observed with motions along the three other cardinal directions. As seen from the mean eye velocity profiles plotted in Fig. 1A , increasing contrast both reduced latency of ocular following and boosted the initial eye acceleration. Relationships between response amplitude, given by the initial change in eye position over a 20-ms time window, and contrast are plotted in Fig. 1B . Increasing contrast between 5 and 50% resulted in a sharp, expansive change in response strength. Noteworthy, very little saturations at high contrast were observed in the two monkeys with our experimental conditions. Data are given for responses collected when grating motions were interleaved with either plaids (black symbols) or barberpoles (gray symbols). No significant differences were observed. Data were pooled to extract latency measurements, as shown by mean Ϯ SD (across experiments and directions) latency plotted against contrast in Fig. 1C . Again, very few changes were observed with contrast Ͻ10%. Above this contrast, a rapid decrease in response latency was observed and the usual ultra-short latencies (55-60 ms) were observed for maximum contrast values (monkey No: 57 Ϯ 4 and 54 Ϯ 5; monkey Pe: 57 Ϯ 5 and 62 Ϯ 4 ms for rightward and leftward motion, respectively). In Fig. 1 , B and C, thick curves are best fit Naka-Rushton and inverted Naka-Rushton functions, respectively. For response amplitude, half-saturation contrast ranged from 17 to 45% (22.5 Ϯ 4.4 and 36.2 Ϯ 4.3% for monkey Pe and No, respectively). For response latency, best fit parameters indicated that latency decayed ( shift ) by 19 and 45 ms over the contrast range and half-decay contrast value (s 50 ) was 31.4 and 29.8% for monkey No and Pe, respectively. Figure 2 shows mean horizontal and vertical eye velocity profiles obtained with either a plaid pattern ( Fig. 2A) or a barber-pole ( Fig. 2B ) in monkey No. Both 2D patterns were generated using a leftward drifting grating so that 2D pattern motion was down and leftward. Ocular following was always first triggered in the leftward direction as shown by the curves corresponding to the highest contrast level (80%). Leftmost vertical dotted lines indicate the mean latency measured in this condition for horizontal eye movements (ϳ55 ms). No significant vertical responses were seen until ϳ70 ms after stimulus motion onset. In both cases, these late vertical responses were downward, driving the ocular following responses toward 2D motion direction of both plaids and barber-poles. Similar dynamics were observed when reversing grating motion direction. We computed the tracking direction at the end of the open-loop period (time window: 100 -120 ms), with full con-trast patterns. With plaids, it was close to the oblique (Ϯ45°r elative to the horizontal axis) pattern motion direction (mean across directions and monkeys, 37.8 Ϯ 4.7°). With a much lower total contrast (i.e., 20%), the final tracking direction was between grating and 2D pattern motion directions (mean across directions and monkeys: 21 Ϯ 9.1°for plaids). By comparison, the mean tracking direction with barber-pole motion was 23.5 Ϯ 5.6°at full contrast. This was closer to the average between the different 2D velocity vectors than from motion along the long axis of the aperture. Final tracking direction was very similar at the 20% total contrast (mean: 25.7 Ϯ 12.7°).
Contrast dynamics of grating driven responses

Contrast dynamics of 2D pattern driven responses
Thus at high contrast, a nearly 15-ms difference was observed between grating-and pattern-driven ocular responses. Decreasing the total contrast of the pattern contrast affected amplitude and latency of both grating-and pattern-driven components. Overall, eye velocity profiles at different contrasts were very similar for horizontal responses to either types of 2D pattern. We next characterized the contrast dynamics of monkey ocular following by measuring response latencies and amplitudes.
At all contrasts, latency of horizontal responses was significantly lower than vertical responses (paired t-test, P Ͻ 0.0001). Moreover, these horizontal latencies were not different from those obtained with a drifting grating presented alone. Figure 3 summarizes the effect of contrast on latency of both late and early components of ocular following. For each monkey and type of 2D pattern, mean latency of either horizontal (open symbols) or vertical (closed symbols) response components are plotted against the total contrast of the pattern. Data were pooled across grating motion directions because no difference was observed between them. We found a consistent offset between the two curves, corresponding to a nearly constant latency difference between horizontal and vertical tracking. Latency differences ranged between ϳ10 and 20 ms, with a mean across directions and contrasts of 13 Ϯ 3 and 16 Ϯ 5 for barber-poles (monkeys No and Pe, respectively) and 11 Ϯ 2 and 16 Ϯ 9 for plaids (monkeys No and Pe, respectively). At high contrast, a large number of trials (Ͼ150 across grating motion directions) could be used for measuring simultaneously both horizontal and vertical latencies with an objective criterion. We found that trial-by-trial latency difference ranged from 10 Ϯ 3 to 16 Ϯ 9 ms (mean across directions, computed for each monkey). Distributions of latency differences were always unimodal, showing that a shift in vertical response onset was observed on almost every trial with both plaids and barber-poles. Similar values of latency difference were measured for low contrast values albeit on a much smaller number of trials because of the very poor signal to noise ratio. Nevertheless, at 10% contrast, mean latency difference (across directions) ranged from 13 Ϯ 1 to 18 Ϯ 8 ms across pattern motion conditions and monkeys. These results indicate that latency difference between grating-and pattern-driven responses remained nearly constant over the full contrast range. To further test this, we fitted an inverted Naka-Rushton function to the mean data (continuous lines in all plots; Fig. 3 ). Very similar fitting parameters were obtained for horizontal latency data with both plaids and barber-poles compared with single grating conditions ( max : 80 Ϯ 14 and 86.3 Ϯ 18; shift : 23.8 Ϯ 11.4 and 31.7 Ϯ 18.4; n: 2.9 Ϯ 2.9 and 1.7 Ϯ 0.3; s 50 : 42.9 Ϯ 12.6 and 30.7 Ϯ 1.2, respectively; mean across animals and pattern conditions). Similar values were found for the vertical responses compared with horizontal components to pattern motion. As shown in Fig. 3 , the curves for the late, pattern-driven component are shifted upward, but the shapes of the two curves were very similar. A small, nonsignificant shift change in half-decay contrast was found between horizontal and vertical components (42.9 Ϯ 12.6 and 52.9 Ϯ 14.6%, respectively; mean across animals and pattern motion conditions).
Next, we compared the contrast dynamics of response amplitudes, at both response onset and at the time at which the visuomotor loop is closed. The top rows in Fig. 4 show the relationships between contrast and response amplitude measured over the 60 -80 ms time window for both horizontal and vertical components (open and closed symbols, respectively). Continuous lines are best-fit Naka-Rushton functions. With plaids, amplitude of the grating-driven component (i.e., horizontal responses) always increased faster with contrast than amplitude of the pattern-driven component (i.e., vertical responses), because at very low contrast, no significant vertical response was seen during the earliest time window. Hence, half-saturation contrast values were higher with the late component (68 Ϯ 1.4 vs. 47.5 Ϯ 7.8%, mean across animals and conditions). By comparison, half-saturation contrast was identical for horizontal and vertical components with barber-poles (36.5 Ϯ 5 and 43.5 Ϯ 20%, respectively). Given the different shapes of the contrast response functions, no systematic change in the slope of the Naka-Rushton was found between the different conditions. To check that differences in half-saturation contrast were not caused by the latency difference, we performed the same analysis on the late time window (100 -120 ms). Results are plotted in the bottom row of Fig. 4 . Despite the changes in total amplitudes caused by eye acceleration, very similar results were found. No difference in half-saturation contrast values was found between horizontal and vertical responses to barber-pole motions (30.5 Ϯ 8.5 and 28 Ϯ 7.1%, respectively). With plaids, mean half-saturation contrasts were, respectively, 45 Ϯ 12.7 and 70 Ϯ 2.3% for horizontal and vertical components.
Initial eye direction and barber-pole aspect ratio
In a last experiment, we varied the aspect ratio of the barber-pole rectangular aperture to show that late ocular following component was actually driven by line-ending motion. We interleaved barber-poles with the same orientation but three different aspect ratios of the aperture (AR ϭ 1, 2, or 3) . Figure 5A shows, as continuous lines, initial horizontal and vertical eye velocity of responses driven by a barber-pole of aspect ratio 1. No significant vertical eye movements were observed indicating that ocular tracking was initiated and remained in the direction orthogonal to the grating orientation (i.e., either purely rightward or leftward). With larger aspect ratios (2 and 3), large vertical responses were seen albeit delayed relative to the horizontal response components, as indicated by the vertical dotted lines. Although amplitudes of the vertical component were slightly larger with higher aspect, no significant relationship was found between the final eye direction and the aperture aspect ratio. Figure 5B shows the mean tracking direction computed across grating motion directions and monkeys, plotted against aspect ratio, for three different time windows. All tracking directions have been rotated so that 0°corresponds to grating motion direction and ϩ45°corresponds to the line-ending motion direction along the long axis of the aperture. Horizontal dotted line plots the vector average direction, when taking into account both 2D motion and 1D (grating) motion direction. With a tilted square aperture, initial tracking direction matched grating motion direction and stayed aligned with it during the whole open-loop period. Increasing aspect ratio produced a large shift in the eye tracking direction. With barber poles of aspect ratios 2 and 3, initial tracking direction quickly matched the average of line-ending motion vectors. We compared this build-up in tracking direction with the temporal dynamics of the population of MT neurons reported by Pack et al. (2004) . They documented the mean rotation angle seen over time in the direction tuning of MT cells presented with a barber pole of aspect ratio 3. Time courses were reported relative to the response latency of each neuron. We replotted their mean time course in Fig. 5C (dotted line and open symbols) and superimposed that of ocular following response (continuous line and closed symbols) obtained with the same aspect ratio. Clearly, the two temporal dynamics are very similar, further showing that time course of early ocular following reflects the temporal dynamics of 2D motion processing in monkey area MT.
D I S C U S S I O N
In this study, we documented for the first time that monkey ocular following exhibits a temporal dynamics very similar to that observed in human subjects (Masson and Castet 2002; Masson et al. 2000) . Ocular responses were always initiated in the direction orthogonal to the grating motion embedded in the pattern. After a delay of ϳ10 ms, a second tracking component was triggered, rotating tracking direction toward the 2D global motion direction of both unikinetic plaids and barber-poles. Such latency difference remained largely constant over the full contrast range. Moreover, the temporal dynamics was very similar between plaids and barber-poles despite differences in the contrast-amplitude relationships.
Initial, open-loop phase of reflexive tracking in monkeys is identical to that found previously in humans, although the exact time course appeared to be faster in monkeys. This result is important to establish the link between neuronal and behavioral dynamics in primates. Several studies have investigated the time course of neuronal responses in area MT to gratings, plaids, or barber-poles. MT neurons can be defined as either component-or pattern-selective depending on the properties of their full direction tuning curves when tested with plaids (Movhson et al. 1985; Rodman and Albright 1989) . Pack et al. (2001) first reported in awake monkeys that direction selectivity of MT neurons changed gradually over time. Initial response was related to the direction of the grating components. Within 100 ms, their direction tuning changed to become selective to pattern motion direction. Smith et al. (2005) confirmed in anesthetized animals such dynamics albeit with some important details. First, component-related neurons first emerged from the population of MT neurons at the shortest latency (ϳ40 ms). On the contrary, cells that will be later classified as pattern-related were not distinguishable from the other subpopulations over a period of 10 -20 ms after response onset. These neurons gradually separated from the whole population of MT neurons. Taken together, these studies suggest that grating motion is first signaled by cortical area MT, whereas pattern motion direction can be efficiently encoded only 10 -20 ms later. This is very consistent with our behavioral results, and this study has the first direct evidence linking the temporal dynamics of neuronal solution of the aperture problem in area MT and its behavioral consequences.
The second strong consistency concerned the time course of response directions. Human perceived direction of ambiguous motion stimuli such as tilted bars (Lorenceau et al. 1993) or type II plaids (Yo and Wilson 1992) changes with stimulus duration. At short durations, the perceived direction of a 2D pattern corresponds to the vector orthogonal to its main 1D component or an average of the vectors orthogonal to the different 1D components (i.e., gratings or edges). For long durations (150 -200 ms), perceived direction matches the true motion direction of the 2D pattern. Human and monkey smooth pursuit exhibit a similar dynamics albeit with a somewhat shorter time constant (ϳ100 ms) (Born et al. 2006; Masson and Stone 2002) . This dynamics remains longer than the 50 -60 ms found for the dynamics of the MT neuronal population (Pack et al. 2001 (Pack et al. , 2004 Smith et al. 2005 response to plaid motion, component direction was first signaled by MT population. In fact, Pack et al. (2001) found that, over the first 15 ms, the pattern index of the population was negative and nearly constant. This pattern describes the strength of the pattern motion prediction relative to the component prediction (Movshon et al. 1985) . It was only ϳ85 ms after stimulus onset that this pattern index shifted from being strongly negative to being strongly positive over a period of ϳ100 ms. Smith et al. (2005) found a similar initial "deadzone" where no pattern selectivity was observed, followed by a gradual shift in the population pattern index. They also found a 20-ms delay between the earliest evidence of component and pattern selectivity, the latter starting at ϳ80 ms after stimulus motion onset. The timing of early and late components of ocular following largely matches these latencies. A similar detailed comparison between earliest neuronal dynamics and ocular following is more difficult for barber-poles because time course of MT neurons was less carefully documented, as Pack et al. (2004) used 40-ms time bins starting at response onset. However, these authors showed that the earliest (0 -40 ms) time window showed no effect of aperture configuration, in line with the present behavioral observation. In short, timing of early phases of both behavioral and neuronal data matched. Further work would be, however, necessary to establish a strict causal relationship and show the contribution of the earliest neurons from the MT population. It has been shown previously that ocular following onset is tightly linked to the earliest neuronal responses in areas MT and MST (Kawano et al. 1994 ). These results confirm this but also suggest that a few component and pattern-selective cells are needed to initiate 2D ocular tracking. Moreover, the very short timing of both early and late components reinforces the demonstration by Osborne et al. (2004) that most of the direction information is available within the first spikes of MT neurons to drive pursuit eye movements.
The second aspect of the tight match between neuronal and behavioral dynamics concerns the time course of the shift in direction. Within 60 ms after response onset, tracking direction had rotated by about 40°for plaids patterns and 25°for barber-poles. At the end of the open-loop period, i.e., ϳ120 ms after stimulus onset, tracking direction matches the predictions made for each 2D pattern. With barber-poles, late ocular following was rotated by ϳ25°, matching the average of the 2D line-ending motions along the short and long axis of the pattern. Similarly, Pack et al. (2004) reported that mean rotation of the preferred direction of MT neurons was ϳ23°toward the long axis of the barber-pole displayed inside their receptive field. In Fig. 5C , we attempted to directly compare the temporal dynamics of this shift in direction as observed with ocular following or a population of MT neurons (Pack et al. 2004 ). Clearly, we found a very good match between the two timecourses. With a set of tilted bars or plaids, the direction error between MT population response and pattern motion is down to ϳ10°within 100 ms after stimulus onset (Pack and Born 2001; Pack et al. 2001; Smith et al. 2005) . This is again highly consistent with our observation using plaids, although the fact that previous studies reported time courses of the population pattern index, not direction tuning, makes the direct comparison more difficult. Thus macaque MT population and ocular following perfectly match in term of both temporal dynamics and direction estimates.
Our results have three consequences. First, temporal dynamics of human (Masson and Stone 2002) and monkeys (Born et al. 2006 ) voluntary pursuit of tilted bars is largely explained by the dynamics of the open-loop sensory processing and not by the oculomotor feedback loop. Second, when presented with barber-poles or plaid patterns, late phase of tracking show no influence of 1D motion. This is consistent with steady-state perception (e.g., Adelson and Movhson 1982; Lorenceau et al. 1993) and suggests that 1D motion is eliminated from the intergration process within a few milliseconds. Recurrent diffusion models can explain this competitive dynamics (Bayerl and Neumann 2004; Nowlan and Sejnowski 1995) , but their neuronal implementation needs to be clarified in regards of the existing static neuronal models of motion integration in area MT (Born et al. 2009; Rust et al. 2006; Smith et al. 2005) . Last, latency difference between grating-and pattern-driven components remained largely unchanged over a large range of contrast. Contrast is known to delay both MT neuronal (Raiguel et al. 1999 ) and monkey ocular following (Miles et al. 1986 ). The fact that both components were delayed similarly at low contrasts suggests that mechanisms extracting 1D and 2D motion cues are cascaded. This is consistent with the view that MT pattern-selective cells are constructed by pooling information across a large population of component-selective cells such as found in area V1 (Rust et al. 2006) . It is also coherent with the view that direction selectivity of MT neurons presented with barber-pole is inherited from V1 end-stopped cells that can extract line-endings motion with a 10-to 20-ms delay relative to edge motion (Born et al. 2009 ).
In our view, it is remarkable to find such a strong consistency, both qualitative and quantitative, between neuronal and behavioral data collected in different laboratories and with different displays. In particular, neuronal data were collected with plaids or barber-poles of sizes matching the neuronal receptive field. In contrast, we used very large patterns, covering about 20°of the central visual field. However, timing and direction data remained consistent. This unveils that basic computational rules underlying 2D motion integration are roughly independent on stimulus size, fitting either the neuronal or the "behavioral" (Barthélemy et al. 2006 ) receptive field. Moreover, this study shows the irreplaceable advantage of nonhuman primates in the detailed elucidation of the neural basis of vision and action.
